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ABSTRACT 



This report is the description of a users manual for 
an interactive qraphics packaqe desianed to allow prooram- 
matic control of the Vector General Graphics Display Unit 
from a Digital Equipment Corporation PDP^ll/5 0 com[-’>uter. 
The manual requires a know.ledqe of the C-nrooramminq 
lane u ace ana a aeneral familiarity with oraohics terrinol- 
oov. Included is a tirief description of tne Vector (^en- 
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INTRODUCT ION 



This manual is a user oriented description of a C- 
caHaole interactive Graphics paclcaoe designed to allow 
programmatic control of the Vector General Graphics 

Display Unit (vector general). A knowleaoe of the C- 
nroqramiTina lanouaae ancj a General familiarity with Graph- 
ics terminolooy are assumed. 

The vector General is an interactive qraohics display 
system int^rfac^G with t*^e R[)P -11/SO computer. The 

j i s p 1 a V 1 n t e r a c t s i t n a ^ 0 P - 1 1 lj s ^ r t' y G 1 s p 1 a v i n q c m c - 
toral infer r-ation on the surface of a cathooe rav tube a no 
Py acceotinp inputs fro-^ external control Oevices. Ihe 
inputs are renuested ano c^rocessen Ov P Dr-11 computer rro- 
G r a n, s that a 1 t ano m a i t a i n the output picture b e i o 



oresenteu 
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t e 


user. 
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r r,eneral Corporation, 


Port ions 


o f 
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m a t e r 1 


a 1 in sect 


ions 11/ III/ and V have 



been reproduced from the Vector General Graphics Disr>lay 
Unit Reference * a n u a 1 ( V G 1 0 1 0 S o ) . 
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VECTOR GENERAL DISPLAY SYSTEM 



I I . 



The vector general contains the following features for 
interactive interactive nraphics disolay: 

Interface unit 

Oisolaycontrcller 

Uiaital to analoa converter 

Vector generator 

Oisolav ronitor 

Character Generator 

Circle / '‘PC nenerator 

Three Oi'^ension coerg'inatr tr^ansfor^ oenera^or 
Pour interacMve control oevices are con^ecteo ro the svs-- 
ten'* The oevices are: 

Alcranu'^eric <evooara 

Ihirtv-two lighter'j function Switches with nanual inter- 
r u p t 

fen control oials 
Light pen 

The conputer and oisnlay controller conrrunicate Py way 
of the interface unit through three tvnes of channels. 
T'^ese chann^^ls are: 
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Data Channel - Direct memory access channel. Used t)y 
the vector general to directly access memory without 
interferrinq with the operation of the PDP-11 cen- 
tral processor. 

Programmed Input/Output Channel - Used to start the 
controller and acknowledae interrupts. 

Interrupt Channel - Used bv the display to interriiPt 
the PDP-11 computer. 

fhe display controller processes all display functions 



while r u n n i a 


a s y n c n 


r r n 0 u s 1 V 


with the r n P - 


11 central ppq- 


c e 5 s 0 r . 


The 


cent '' 
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C on t 


r 0 ] dev 


ices. 







The oioital fo analon convertor converts the digital 



V a 1 
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f r c ^ 


t h 0 i s ] a V 


c 0 n t r 0 1 1 C r 


1 n t- 0 a p .*3 


1 CO 


S i n n a 1 


IS for 


use 


in the 


vector p P p p r 


a t 0 r . 












The 


c a t 


node rav tub 


e 0 e n r a t s 


an e 1 f' c t 


non 


beam 


that 



shows as a soot of lioht on the fac^ of thp tur;p. An 
electromacnptic deflection system causes the SPOt to move 
in a airection on the tube face in response to signals 
from tse vector cener'ator. An input from the vector Gen- 
erator causes the trichtness the snot to vary. 

The ^ethoo o^ controllino the ^oven^nt of the soot is 
called the ran 00 -^ scc3>^ '^et^od. This involves st^erinn the 
soot in a S t r a 1 a r, f I 1 p. n p e t e e n two o i n t s on t h d 1 s u I a v 
screen. A series of these straight lines constitute an 
To nr^se'^t a cl^a^ i-^ane^ trn pa^'t^rn raced o^^ 
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the tube must be repeated aoo r o x i ma t e 1 y thirty to forty 



times oer second. Each reoetition is called a frame and 
the frequency at which it is oenerated is called the re- 



f resh rate. The 


d e f a u 1 t 


rate i 


is forty hert? 


but can 


be 


varied from thi 


r t een 


to one 


hundred twenty 


h e r t z by 


the 


routine vaclocl<() 


• 











A. VISIHLE SPACE 

The rectangular portion t^e CPI which can be viev^<^d 

Pv a user is call^^'J r visw'le soac<=", visit lo scace 

IS 1 i 1 t e d b V an o r a a u e a s with a »“ e c t a u 1 a r cutout. 

See Fioure ?-l. 

T n o a ^ 1 u ^ Picture s c a c is 1 a r u e r than r h v i s i r ] e 



space. 


Iris 


p e r - 1 t 


S 1 1 


itnrj zoominu tnj t p/ r i rr 


a r 1 1 


V <1 1 


1 o v% s 


fully V i s 1 


1 1 e 


or i e c t 


S t 0 


b r o t a t e ci a n o r^> o S i t i 


0 n e d 


t o 


the 


extreme 


1 1 T 1 


t s of 


the 


visibile space ano 


yet 


u r a w 


Pin V 



remainina visible Portions without distortion. 

The picture t^eino Generated is adjusted in size 

(scaled) to present the desired output by means of two 
c o n t r o 1 s : 

a. The manually aojustat^le a a in controls on the fPT 
oe^lec^ io^ ’^ard*-. are. 

b. Ire prcura'^ controllno r'lctijre scale transfcr'^a'icn 

^a'^owar^^. Snp DScalC) routi'->n in section v'l. 
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Image Space 





o 



15 inch 



Dynamic Range of Vector General = Picture Space 



30 inch 



?*!• Aro,>s 
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30 inch 



The picture can he oenerated on a picture space coor- 



dinate systenn and scaled for viewina throuah the visible 
space. See vqnost() and vapscalC) routines in section VI, 

■vith the aain control knobs at standard rrioranqe cali- 
brated settings/ the rrsx^mum picture space (over which the 
vector Generator accurately reproduces inanes) is a thirty 
inch by thirtv inch plane of which the visible space is a 
thirteen incr oy fourteen inch rectangle in the center. 
See r inure ^-1. 

T*'e transforrciticn njrdv-'ar'^ pnr nits the ccorninatns 
nefinin. o an element to te transforneo prior to cnsolav 
o<^neration. For t e input coo roi nates (a/Y/Z) tre cutout 
trrinstor’^en ' ann Y are used to Generate t’^e element’s 
horizontal ano ver-tical oicttire si^ace rositivon respective- 
ly. TnuS/ t^e picture sriace is thn x*Y l' rejection of the 
transfomeci element definition. 
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t ransfcrma- 


t 1 on , 


an 


element coordinate 


( X , Y 


, 2 ) V. i 11 


cc rr^^s^'ono 



n i r e c t 1 
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n e right 
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( 1 . 0 ). 



a dIus full scale X element coordinate value 



(+20^7) transforms into an X picture space coordinate 
value which corresponds to a horizontal displacement of 
seven and one-half inches to the right of center or one- 
half to the right of the visible space. Similarly, for no 
transformation and maximum picture scale, a full scale Y 
element coordinate value (+?0^7) corresponds to a picture 
space position seven and one-half inches up from the 
center. 

To view a centerec two-aimensional object defined over 
the entire X-Y ccorciinate ranee (such as a oaae of text), 
the dicture scale can be set to ,9? or the gain knobs 
turned ao^n. lo view an entire centered three-dimensional 
object which is defined over the entire (X, Y. Z) image 
space. a O.5773S0 factor is needed to view the maximum 
lenath of the projected diagonals of the imaoe space. The 
picture scale is defined as 1.0 unless explicitly changed 
oy the routine vaoscal(). 

Since the picture soace is larger than the visible 
space, each element may be positioned out of the viewing 
area in any direction without distorting any remainina 
visible portions. This capability is termed the hardware 
scissoring facility. 
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IMAGE SPACE 



Prior to transformation and projection onto the pic- 
ture space an element is defined in a coordinate system 
referred to as the image space. All separately 
transformed objects of a displayed picture are defined in 
their respective untransformed image spaces. 

The image space coorginate system is defined with 
Positive X horizontal to the riqnt cf the viewer ang Y 
being vertical. The Z axis is perpendicular to the X-Y 
plane and intersec^’S the X and Y axes at the zero r^oint. 
Positive Z is toward the viewer. The irriacje space is a 
fifteen inch bv fifteen inch rectangle. S^e Figure 

To exploit maximum use of transformation rannes ano 
cooroinate rpsolutiopf all elements should pn rjefined as 
large as oossiole. Elements are defineci nrirrarily in 
term. s of generated visual elem.ents: Vectors and Charac- 
t e r s . 

D. ThPEe -OTMLiNSIONAL DISPLAY 

Three-dimensional presentation involves a thirOf or Z/ 
axis that is perpendicular to the face of the screen anr^ 
intersects the X and i picture space axis at the zero 
point. Ihe Z axis represents d*=pth into and out of the 
display screen. The illusion of depth may be achieved by 



varyina the light intensity of the fluorescent spot in 
proportion to the value of the Z coorainate. The intensi- 
ty increases exponentially with the intensity value over 
the range of minus full-scale intensity to one-half full- 
scale intensity. Maximum intensity is at the face of the 
s c r e e n .* 



t. PiCIUhE COi'iTROL 



The oicture control is useci for picture transforraticn 
after all transformations of inOivinual oDjects have teen 
CO'^ple*’e'>. fh« rooiisters useo for t^'is '^^atur^ are the 
twelve t)it inter'isitv offset reoister^ t’^e twelve tit in- 
tensitv scaln reaister^ an^j the twelve tit c'icture scale 
register. T^e value in thp ptcture scal‘d rpcisrer is miji- 
tiolien py each of the transformeo ana Z coordinates 
to estarlisn tre f.inal picture size. This scalina applies 
also tc characters in the Picture. 



The 


i n t ens i 


t y 


scale reaistor 


IS used 


in CO 


r j unc t ion 


with the 


1 r t e n s i 


ty offset register t 


o o r 0 V i 


d e o e D t h Cue- 


i n G ^ or 


s h a d 1 no 


o f 


tne intensity of 


the PI 


c t u r e 


a C C O r 0 1 n q 


to the V a 


lues of 


the 


Z coordinate. 


Ihe naroware 


c a 1 c u 1 a - 


t 1 on s of 


r h e 


spot 


intensity at 


a r'. V i 


n s t a n t 


C c3 n h e 


reor^serten rv 


the 


follow i no C- 


p r CO r a 


rr i n G 


1 anoueoe 



r ou t 1 n e : 



1? 



i n t is; 
1 n t 1 O ; 
i n t 1 ; 



intensity scale reoister value 
intensity offset reoister value 
result inn intensity 



i n t i <“ma x ; 



maximufr intensity 
t r an s f o r med Z coordinate value 



i n t Z ; 

1 n t 2 1 ; 

i n t k ; 

i n t e ; 



const ant 
2 . 718 ? 818 ? 8 ^ 



zl = O.S * abs(is) ^ 7 t io; 

if (is >= 0 zl <= .Oc^) i = i^max ♦ e * * (k * zl); 
if (is >= 0 ^8. zl > .0 2) i = saturation; 

if (is < 0 zl <= .0 2) 1 = i^r. ax * e ** (k * zl); 
if (is < 0 8* R is > .02) i = 0 ; 

The intensity cutoff olane is estahlishpo t;y the value 
in tne intensity offset rpoistpr. l'«itrin thf^ oertr ranae 
of an i^aoOf tre intensity is ul“in<e-) r'et'/^een the vi^^V'.er 
ana tne screen. Tne intensity is at its Taxinur at tro 

face of the screen and necreases exc^onentially i^ith ae~ 
creasino values of / to.'. ari t^e rac< of the ir^oe. Finure 

2-3a an Cl Fiaure 2-St'. s^qa tne effect cf intensity orfset 
variation. As the value in the inter^sitv offset register 
is chanaeOf the ele'^ent roves forward or t^ackward trrouoh 
the intensity ranoe^ to vary the section tnat is intensi- 
fied ana the part that is blanked out. 

Tne intensity nance/ or apparent oeoth of tne iraoe/ 
is leterrrinea ty the value in the intensity scale reois- 
ter. If the value is 1.0/ the raxi-ur. intensity is 
achieved. If the value is zepo/ the intensity is constant 
and the element nas no aen^h-cuf'Mna. rioure 2-^A and Fia- 
ure 2-^B show hew a variation in intensity scale chanaes 
the jnrtn of tne ('le'^ent. 
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f* i qu re ^ A . 
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Low 10 High 10 
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Fiaure 2-3B. tffpct Intensity Offset Variation 



15 







Intensity Seal 



1 o 



Figure c^-4A 



e 



Variation 



Large Intensity Scale ; 




Maximum 

Intensity 



Small Intensity Scale; 




Maximum 

Intensity 



Fiaure Fffect of Intensity Scale Variation 
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chak/^cter generation 



The character generator accepts coded incuts from the 
display list and oroauces text strings composed of ASCII 
characters and special characters. Characters are drawn 
on the screen as a series of short vectors and curves. 
Unlike the vector generator^ however^ the character gen- 
erator draws are generated automatically try the character 
Generator each time a character code is received. 

prooram can select one of four character si^es. 
The intensity is determined t>v the intensity scale regis- 
ter. Continuous character scaling allo^^vG the oicturf> 
scale ano coordinate scale to scal^ the imaof? ann charac- 
ters proportionally. The orooram can also so(?cify whether 
the text li'^es arr» to ne diSwolaveo hcrizcmrally on t r ^ 
screen or are to ce positioned as if on a oaoe that has 
been rotated nin<^ty dearees clockwise. On^^ of the charac^^ 
ters is a cursor. The cursor differs from other (displayed 
characters in that the character follow i no the cursor is 
drawn in the same place without a column feed. This per- 
mits the cursor to be over the screen as desireo 
/vith -manual inputs. A J^arrj^are feature causes the cursor 
to blink twice oer second. 

Ihe aimensions for character generator outputs ir 
number space Ljnits are giv^^n in Figure R-5. The stanri arc 
character set font is shown in Figure ^-6. The codes for 
each character can on found in Appendix A. 
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f-iaure ?~b. Character Generator Display 



^0 
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CONTROL CHARACTERS 



Fourteen codes in the character set are used for con- 
trol Durnoses only ana do not cause a disolay on the 
screen. The control characters and their functions are 
listed in section V. 



III. CONTROL DFVICF. DESCRIPTIOr. 

A. ALPHANU^TR 1C KFYf3CAR0 

The alonanuf^eric keyooaro is used as an ^ntry oevice 



f 0 r 


manu<3i innut to the displav system. 


R r e 


s s 


1 c a kev 


on 


the 


< e y t- 0 a r a 


enters an ei<'iht bit ASCII 






e r code i 


n t o 


the 


< e V r o a r 


character oueue. The character 


e n t e r e ci 


i n 


the 


k e y P 0 a r d 


character oueue ooes not 


d 1 r ec 


1 1 


y affect 


the 



display on the screen. The proarann can read the keyboard 
character via vqoetcarf) and use'the inforrration in its 
operation, Holoinu any <py down will maintain the correct 
code andf after an initial delays will repeat the charac- 
ter. Appendix A lists the codes oenerated by the key t) card 
for shifted and unshifted kev comp i nations. 
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LlGhTtD FUNCTION SIMTCHES 



This aevice contains thirty-two function switches plus 
a manual interruot switch. The function switch registers 
in the display controller have one bit correspondincj to 
each function Switch. /ihile any function switch is 
deoressedf the correspondina bit in the function switch 
reaister is set. The prooram can then read the contents 
of the reaisters via voaetfsw(). The function switch 
lamas can ve linhted via valarns(). 

The n^anual interrum switch can be used to cause an 



i nterruPt . 


This 


feature 


a 1 1 o vv s 


t h e 


one 


r a t o r 


t o i 


n t e r c 


e n t 


the 


n r OP r a m 


a t 


any de s i 


red n o i 


n t , 


• i h e 


n the 


nr. a n u a 


1 1 n t 


e r - 


runt 


s w i t c ^ 


1 s 


o r s s e d / 




m a n u a 
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1 n t e r 


runt 


count 


e r , 



vnmanir^t, ^<5 incr^fTented. The cronro'^ reset t^^is 

counter when oesirel. 



C. LlGnT PEN 



Ihe lioht oen can be used to coint at an element of a 
display or to create information by dr' awing on the 



d i s p 1 


ay. F h e 


light 


pen f a 


wanci 


cental 


ninq a pnotocellf is 


h e 1 a 


over the 


face 


o f 


t h 
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one rev 


t uc'e t' V the viewer. 


/. hen 


the light 


e n 
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held 


over 


a line 


or f ' 0 i n t on the 


d i sp 1 


ay / the 1 


i o h t 


pen 


1 n t e 


r run 


t flap/ 


\j a ]ri]do, IS set to 



indicate a liaht pen interrupt con<"iition. If the light 



Den switch is activated/ the liaht pen sense switch inter- 
rupt flao/ valpsflpf is set to indicate this condition. 

A hardware delav feature permits the liqht pen inter- 
rupt state of the Vector General to be obtainea orior to 
additional display processina. The values retainea at 
interrupt tim^ can he obtained by cal lino vooetlonC). 



D. cur, TRUL dials 



Ten control nials n^av he used to senu cicital nu^^eri- 
cal infer Tiation to th^ co^nu^<=^r for any r^rrose scr^ci^ien 
by the ;''roora~. bac’^ dial is associatec ^ith a twelve r'lt 
dial inr'ut r*^aister in tne disolay controller. As a cnal 
is turned/ t^e corrr*sconiinu reoist^^r is uroated to re- 
flect the dial value. Tnese values ^ re read fit any 
t i "" e by c a 1 1 i n o v a o i a 1 ( ) . 



IV. 



USItG IHt: 



VFCTOR GEdF^AL 



The 

d. e f i n e 
C c n V r t 
c 1 asses 
p 1 c t u r e 



vector General interface desion concert is to 
hioh 1 pv<^ 1 constructs which tre interface routines 
into vector General cc^nanns. P'ere are tnree 
of constructs define rjl objects/ ele^ontS/ and the 

An object is the lowest level construct which 
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can be displayed alone 



Each object is inaeoenaentlv 



rotatable^ scalable/ and translatable into any portion of 
the thirty inch by thirty inch picture soace* An object 
can be as large as fifteen inches by fifteen inches and be 
rotated or oositioneo to the extreme limits of the picture 
space without distortion to any of the rerrainino visible 
portion. Each object is composed of one or more inder^en- 
dently light pen hoo*«^able elements. An element is com- 
posed ot a series of user-ora^^n imao^^s or characters rela- 



t i V e to 


the untransformpd irace space of its onject. An 


object 


can be defined unrotaten in such a way as to fill 



tne entire o eject soace tnen \ scaN-^O/ r^tat^U/ anu 

'^oved so that tho soace is the dooropriate size/ is 

viewed fro^ the aoorooriate asoect/ and is in tne ao“ 
n r o o r i a t e area of the C' i c t u r e . 1 n e r i c t u r e d e f i e s t t e 



Picture 


scale and screen c o o r o i n a t e s tor all o b'^ j e c t s . 


The 


user is resr'»onsiole for the neneration and content 


of eac n 


0]pnent. Prior to its inclusion within the 


a 1 s r> 1 a y 


list/ the user must fill each element with the 



necessary craw and move co'^mands. In addition/ the user 
must provide three unuse) woros succeedino the arayv-move 
CO'^'^'anris. These three words are penned by the interface 
routimps for proper display list termination. 



I n e 


oeneration anp contents of ail otjects and the 


picture 


IS th«=» responsit ility of the interface software. 



A set of routines are c^rovided to linl^ elements to objects 
and objects to the pic*’ure. iWnamfc ^odificatior. pf 



objects anrj picture oarameters is also orovideo* The 
routines tor manipulation and modification of the display 
data structure are: 



vQaddele(abO/num/Si ze) 


V a 1 n i t ( ) 




vobl ink(type/num/action) 


vqiofset (nurr/val 


) 


voclock(rate) 


voiscal (nurr/val ) 




vqcoord(num/ x/y/z) 


volamps(abp/act i 


on ) 


vacsr(num/val ) 


vql oen( tyne/nurr. / 


ac t 1 


voaelele(num) 


V o m < 0 b j ( ) 




V d o e 1 e 0 1" j ( n u m ) 


vooictur^( ) 




V OG i a 1 ( a t'-c') ) 


vaoosl (ox/ov) 




V d q e t c a r ( ) 


V n o s c a I ( \' a 1 ) 




V d q e t f s ( a C' D ) 


vorotate(''^urr/X/v 


, z ) 


V d o e t 1 D n ( a b p ) 


vQ t e r'^ ( ) 




^11 picture and object disc- 


lav o 1 ^ a t e r s are 


1 ^1 1 



izeo to d eta lilt Tn^ user w t*^en ''oditv ^ ^ eSf^ 

parameters as desire o. The default oara'^prers ar^: 

Display blink - The Picture/ all cbiectS/ and all ^le- 
n^ents are defined as nonTlin<, vut:>link() can set 
or clear trp olink ^oae on any ot the constructs. 

Coorainatn Position - Ine X/ ano Z coorainates of 

each object are (0,0/0). Ihe routine vqcoordC) can 
'"ove 3*^ onject tn any ar^a of tn^ I'^ane scacn t^y 
varyi'^o th<=se coordinate values. 

Picture Position ^ Ihe location of tre picture coordi- 
nates is defined as the center of the screen 






(0/0/0)* The entire oicture can be moved on the X-Y 
plane t'>y calling vooostC). 

Cooroinate Scale - The default is one/ the maximum 
size. This narameter may be he scaled between zero 
and one by callina vocsr(). 

Picture Scale • The default is one. Peducincj the pic- 
ture scale will shrink all of the display. 
vQPSCalC) modifies tnis parameter. 

Intensity Offset - The '^axirrym intensity offset/ value 
of onn, is set as t*^n default oarame^'er. A call to 
vPiofs^t() can reduce this value. 

Int^'osity Scale - initially set to a one/ t^'is ^^axi^^um 
value can reoiiceo rv ten routine voiscal(). 

Refresh ‘^ate - ^ refresh rate of fortv nertz has teen 
assionen as th<^ ^‘=^taul’' value, vcclcc^C) can --^odifv 
tnis value, 

Liqnt Pen tna ole - The liuht nen is initw^lly nisatled. 
A call to voloenl) will enable it. 

Function Switch Lancs - All function switch lamps are 
extinouished at display time and can be set ty the 
routine vola'^psf). 

In order to cc'^rile a proorar usino the display 
suti routines/ global no-es/ ann structures the us^r should 
invo<e the follow, i^a statP'^nnt: 

CC -0 ^ilenarre -ly 
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This 



will cause the lexical scone of the vector oenera) 



display system to extend through the oroqrarr. 

Certain qlot:>al names and routines are not visible to 
the user. To avoid collidina with them, the user should 
refrain from defining external variables and routines that 
start with the letters “va". 

The user must preface his ciisolay actions by a call to 
vainit() and should call vaterm() before process tern-ina-- 
t i on . 



V. r r ST PI 'C Mb’, S 

I r s t r u c ^ i c o s usee in the o i s n 1 a v s v s t e a 1 1 into t . . n 
^ain tvens: control i'^'» struct! ons (usee to control t^e 

disolev CO oration) and cutout instructions (us^n to Gen- 

erate iraoe vectors or characters on the display screen). 

^ aescrirtion of the control instructions and their 
effect on th^ vector cenercH can b^’ found in the Vector 
General Graphics Oisolav Unit Ppference Nanual (vG 

I 0 1 OSb ) • 

Tnn folio -^ino ParaGraphs contain functional descrir- 
tiers c* the various cisnlav~list instruction ccnficu ra- 
tions processed f)v th<^ CIS lav svsten. Lach instruction 
discussion includes a format diagram, a list! no of the 
octal COJ.‘='S ■or instruction variations^ a uofinitin^^ 
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of the aoplicablp codof and a description of the 



o u r p o s e 



of the instruction. 

The octal code given assumes the instruction to be an 
eighteen bit instruction with the first two bits zero. 

Operation of the cisnlay system consists of processino 
data words in accoraance with their instruction's. 
Instructions that draw lines or manipulate text strinas 
process the aata woras followino the instruction comrrano. 
The data words aive the end point coordinates of the li'^^^^^s 
or character cooes ot the text. 

Data words am transmitted in a strino or t'lock fol- 
io w i n o the a p n H c a b 1 e instruction. I h e 1 r! s t a t a w c h o in 
the strino must contain a coded ter min ate ril^ fielcir or 
Character to i no i cate tnat it is the last woro for t^at 
1 n s t r u C t 1 o n . 

A. NC'h'D FOR-^ATS 

The display system uses as its oasic informational 
element a sixteen oit word i^;ith the hit c^ositions nu'ntereo 
zero through fifteen as shown in the followino diat^ram. 
nit zero is the '"cst siar>ificant hit. 

' 1 ? < b n / 1 h 1 1 1 ? 1 ^ I 4 1 b 
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B 



COMTRUI n I SPLAY INSTRUCTIONS 



1 • No ration 



oooooo 




Th^^ Tr'structinp USP'i 

Thcs infor'^afion in cits ^-1^ 
rv t^e v^cto*" 



to oata or aa- 

is ^'Ot intororct'^o 



^ a 1 t 



n 3 0 0 0 0 




Tha hlT inst'^uct'ion causes t*^p iisrlav svs^or^ to coasa 
all npora^^’r^s. furt^r»- 'n«;t-rncti'^'^s cr oat a w'^'“OS :> rn 
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accepted. The disolay system state is set to not-runr 
not-wait. This command does not disable any of the vector 
general interrupts. 

C. DISPLAY i\RIT£ INSTRUCTIONS 

These disolay instructions ana their folio wina data 
are output as lists over the direct T-emory access channel 
to nenerate visual oisolav el<='ments. The basic word for- 
mat is as Shown in the folio wine cnaarar. 



I P 3 ^ S o 7 h « 1 0 1 ] 1 p 1 3 1 -i 1 S 




Character or Vector Data List 



The imacje oempration instructions are used to present 
oisolav ele^^ent's consistino of solid lineSf dasneo lin^S/ 
dottec lines^ or oash-dot-oashed lines teti^een two riosi- 
tions on t^e disolay screen. 

The 'modifier bits (IP-lS) of the iraoe oenf' ration 
instruction soncify if the data ^ords that follow it are 



to he used 


i or char 


a c t e r s 


9 a o 


sol u t n 


o r 


r e 


1 a t i 


ve vectors/ 


X , Y r or L 


au t 0- i nc 


p p n' p t 


inn. 


or P D 


nr 


1 nc r 


nmental vec~ 


tors. The 


instruct 


1 om a 1 


s n i 


n d 1 c a t 6 * 


S 


the 


t y o V 


of disc lav 


(normal $ 


oas heo # 


OO t f 


o r 


no i n t ) 


and 


the 


incremental 
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resolution or character scalinq to bo used. 

The character qeneration instruction inoicates the 
size of the characters to be displayed and whether they 
are to b^ displayed horizontally or vertically. 

The followinq oescriptions are qiven for no transfor- 
mations 1 noose vd on the aeneratea imace prior to cisolay. 
The user must specify any desired transformation prior to 
processinq any display ueneratinq instructions whose out- 
put is to oe affected. 

1 . Vector Relative 
0 1 u U 0 0 



0 1 ^ 3 - 7 ^ - 1 1 1 1 ? 1 3 1 a 1 ^ 



0 0 0 1 

J 


^n~rrn~Fi'~r~n' 
' / // 0 / / ' /// 


v:.i 


0 0 


0 0 


- A Coordinate 


OF 


CF 



A Coordinate 



1 1 



CF 



Tne oisnlav instruction for relative vectors Generates 
a vector o iso lay whose coordinates are relative to the 
initial cente’^ts of the coordinate reoisters; ana 

/m. The tvr^e of disol a v o^^^^prated ry thp ^ovino r'*^anr is 
specified t v ^ ^ ^ v c t o r mode f i p I d ( v . 
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VECTOR 



VM 

000 Line 

00 1 Dasher) L i ne 

010 Dotte^'iLine 

011 EndPoint 

101 Dash-i>ot-Dash 

110 D a s h - Do t - Da s h 



The 


ooeration T' 


i e 1 d 


(OF ) 


o f 


each data 


word 


Spec i t 


i es 


the 


r e a ^ is to 


t' e "" 


over) 


t o 


a new POST 


t 1 on 


held in 


the 



coorjir^ate reoist^^rs; alsO/ ^ovinq the it 

if a vector tvof^ (V'') is to c^=* drawn. The (-h 
field also soecities t’^e enn of the cata list. 



L— 
0 0 

1 1 
10 

1 1 



^ A T I ^ I F IP 
Loa": ^'^eoister 
Load/ th^n draw vector 
Lead/ rnove hearr (no draw) 
Load/ draw/ ter’^inate 



Each data wora ^as a siqned t^^elve bit coorainate 
i nc r pnt to be addc^ d to a coordinate reaister or to the 
auto“incre'^ent r^distpr (Air'll, The Coordinate field (CP) 



0 f 


e ac 


data word s r e c 


i^ies ^hich redister is to bo 


pr o a t 


eq 


t. V t 


he coordinat^^ 1 


- c r e e t . 






Cf 


Cbii-d 


1 1‘ j A T F F 1 K 0 






0 0 


A ij r * 


increrent reoistpr (AJfO 





X-coordinate reoister (XR) 



01 

10 Y-coo rd i na t e reqister (YR) 

11 Z-cooroinate reoister (ZR) 

To draw an arc with the circle arc generator use the 
followina oroceoure: 

1. N'ove the beam or draw to the start point of the 
arc. 

Load the end c'oint into the coordinate reqisters. 



Issue an 


arc c c n ^ a n n , 


Th» arc co'^manos 


are: 






OF 


- c ^ 1 P ] d <; 


r 1 o c k w 1 s e 


arc 




0 0 0 U 0 ^4 


Counter cl 


loc<wise arc 




0 0 0 0 1 0 



. Issue a riraw or u r a w - t e r m i n a t e co-f^mano to t h 
center point of the arc. This defines the ran ins of 
t n e arc. 

^ circle may drawn hv eithor’ uSino the t^rocedure 

described a neve and specifvina the same value for both the 
start point ana end point of the arc or by leavino step 
twO of tre procedure descrired above out entirely and just 

'^ovino or df^d^ind to tre Start point befom issuind thf‘ 

arc c m a nd . 

If the radius to start and to the end point are not 

^ d u a 1 / t n e s t a point vi i 1 1 n p used and t h <> c i r c 1 f' arc 
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generator will use either the X or Y coordinate for ter- 



minating the drew 
agram, A straight I 
point on the radius 



in accordance wi 
ine will be drawn 
and the spec i f i ed 



th the following oi- 
from the term i net inq 
end point* 



Use Y 







V r r 



r ^ p 1 a t 1 V e u ^ o 



Y 



0 1 OUO 1 



1 r’ 5 


i S 7 


f. \<i 11 


1 ^ 1 i 


1 i 


1 S 


0 0 0 1 


////////// //\ 
lI/JJJl/////. 


VM 


0 0 


0 


1 


± 


L Coordinate 




OF 


CF 




The display instruction for vector relative autC"X is 
Drocessec^ as a relativp vector. Fach coordinate value is 
a d 1 e 0 to t ^ p r p u 1 s t p r a e o i - 1 n a t p a t • v C F ; then t e v p c t c r 
Generator oprfor'-s anv function soecifieo T'v vr and iF. 

ith each oqvp or draw operation^ the <-cooroir^ate reois- 
ter (^r^j IS incrpmpnted t>y the value in the auto-incrprpnt 



register (AIR) following tHe load instruction but preceo- 



ing the move or draw corrTiand of the operation. 

The type of vectors generated is specified by VM as 
describe above. 

Control of beam motion and blanking or list termina- 
tion IS specifiea by OF as describea for relative vectors. 

Specification of the register to oe incrementea uy thv 
coordinate value is given by OF as oescrit^ed above. 

3. Vectnr ^<<^lative Auto-V 



r 1 0 d r p 



(j 1 ^ 3 S b 7 H ^ I • ‘ 1 I 1 ^ 1 3 1 1 b 



0 0 0 1 


y///////// 

//// / //// /a 


VM 


0 0 


1 0 


± A Coordinate 


OF 


CF 



± * ^ Coordinate 



1 1 



CF 



Ire oisc>lav instruction for vector relative auto-V is 
processed as a relative vector. Fach coordinate value is 
adoec'J to t^e register desinnated bv CF; then the vector 
d e n e r a t o r performs a ^ v f u C t i o n s e C i f i e d b v V *''* and OF, 
bith eac^ or oras operation the Y-coor^:ina^<"‘ register 

(V^) IS i^cre^'-^^teci rv thr* value in thn autn-i-^cre^e'^t 
r e g 1 s t e r ( A i w ) f o 1 1 Cwv i n o the loan o o e r a t i r rut r r e c e n i n < i 
the Tove or draw portion nf the operation, Tne V-'’/ CFf 
a d C F field; a f'* as o s C r i n -'i for r 1 a *' i v e v e c o r s . 
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^ • V ec t o r Re lative Auto-Z 



010003 



0 1 ? 5 n 5 6 7 8 Q10111^131^1S 



0 0 0 1 


Z7///////Z 


VM 


0 0 


1 1- 


± A Coordinate 


OF 


CF 



A Coordinate 




CF 



T»^e a iso lav instruction for vector relative auto-Z 
prccesseo as a mlativ^ vector. .dc ^ cc^rjinat'^ value 
to tt^e r<^cister oosionciteo ov Cr? the v<^^c 

:3enerator oerror'^s anv function sc'ecifiea ty v. an^: 

itn eacn nove or ^Jrav^ oc:>eration, tne Z coorcinatn reo 
ter { / ^ ) is 1 n c ^ e n r o e y t ^ e value i t r> e a u t c ** i n c r' e - 
reaister (AIR) follovinn the lead portion r-ut omcco 

the rrove or dra^ portion of tne or^erc 3 tion. Inp V“'^ 

ana Cf fields are as oescri red f relative vectors. 
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1 s 
i s 
t n r 
(;h . 

1 S " 
p f' t 

1 nn 
i F , 



5 



Vect-cr ^Dsolute 



01 oooa 



0 1 ? 3 


0 t 7 8 


0 1 0 n 


ia 13 


1 a IS 


0 0 0 1 


WMTT>, 


VM 


0 1 


0 0 


± 


Coordinate 




OF 


CF 



Coordinate 



1 1 



CF 



Ihe vector ^o^^olute Hi?olav instruction lcaa«^ thp 
coordinate ^ro'^. eac^^ s data ^nrus directly into 

t *-0 ppr-ic^t'^'r sne'“i^inr'j t'v TF^ r^»^]pcinn f ^ n previous con- 
tents. T e 0 ^ 0 -^ position IS ^ov-e'^ it called o r dy OF ar'id 
a vector -n f type is r a w n if r e c « j i r e d ^ v C F , Inn \/^ , 

uF, a no CF fields fnr adsolut® v/ert'^rs are tne san-o 

descrit;ro for vector relative. 

lo draA an arc usino tho rircle arc o^r'. orator use tho 
procedure onscrioed for vector relative. 
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Vector Absolute 



010005 



0 1 2 3 ^ 5 6 7 H 9101112131^15 



0 0 0 1 




m 


0 1 


0 1 


± Coordinate 


OF 


CF 



± 



Coordinate 



1 1 



CF 



The aisnlay instruction for vector absolute auto^/< 
orocnsses it's 'ifjta list as arsoluto vectors. tacr cocroi- 
nate value is loaclf^c into t^f' reoist^*r c^sianat'^3 oy CF ; 
then the vector Generator oerfoms any rcv^ or V-*1 type 
rjra^v operation if c a 1 1 e o for rv tr, i t each orav 

n^ove operation^ tne ^-ccoroinate reoist^^r (*h) is incre- 
ment e 0 t: V aoGino tne value from the autC“incre-^ent reois- 



ter ( A I b ) 


f o 1 1 n V, i n o 


the 


load 


o o r t 1 O n but 


nreceni no 


the 


move or 


o r r) V, nor 


t i 0 n 


o f t 


he or^eration. 


Ihe VN f OF 


, r F 


f i e 1 s are 


used as 


d s c r i b e 0 


for vector rel 


1 a t 1 V e • 





3fl 



7. Vector Ansolute Auto-Y 



0 1 000b 



0 


1 


? 3 


a s 6 7 8 


1 0 1 1 


1 ? 


1 3 


\n IS 


0 


0 


0 1 


liIJ.//////// 


VM 


0 


1 


1 o[ 


± 






Coordinate 




OF 


CF 


* • 


± 






Coordinate 




1 


1 


CF 


h e 


a 1 


s o 1 a V 1 


nstruction for 


vector 


at 


. s c 1 u t e c 



o roc esses its -jeta list as atsolute vectors. hacr, crorcn- 



na t e 


value IS loaned 


i t C t. n e 


r eo 1 s t e r 


n e s 1 a a t e n 


P V 


Ch ; 


then 


the vector 




n e r a t 0 r 


c'-e r T o r s 


any 


^ c V t? or 


V 


type 


i r a 


0 p e r a t i o n if 


c a 1 


lea f o '' r 


'V OF. 


1 i t h 


0 a c r 


i r a u 


o r 



move operation, tne i*'coorcn'nate recjister (r^) is ircre- 
'^enteo Pv aolino tre value frc*^ the auto-increoert reois-' 
ter (AIk) followino the loan portion t)ut oreceOinq the 

move or draw portion of the operation. The VN‘, OF, CF 



fields are used as descriheo for vector relative 
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Vector Absolute Aufp-Z 



0 1 0007 



0 1 


a 


3 


'15 6 7 8 


'31011 


la 


1 3 


1 « 15 


0 0 


0 


1 




VM 


0 


1 


1 1 


± 






Coordinate 




OF 


CF 


• 


± 






Coordinate 




1 


1 


CF 



The disnlav 1 ns^^uct^o^ for v^^ctor arsoiute auto-Z 
processes its data list is vectors. lac^ corro'- 

n a t e value is 1 o a o e o i n r ^ the r e o i s t r o e s i c; ^ a t e a tv f F ; 
then the vector JC'oerator uerforn^s any rc'jve or v'* tvo^ 



draw oceratio"" if 


C a 1 


1 e 


for 


t'V 


1 t n p a c 


> C' '' 


neve ooe'“ationr tne 


7 ^ C o o r 0 1 r . 


a t 


real s t (7 r 


[ / r ) 15 


^ n c r e " 


men tea Cy alai^q r 


re V a 


i u ^ f 


r O m 


the auto-' 


1 nc rO'^ent 


r ec^ 1 s - 


ter (AlK) folio 


the 


lean 


Portion out 


o r e c e a 1 


n c the 


move or draw 


t i c n 


o f t 


he 


or'i^rat ion. 


The V 


L'F, CF 


fields are used is 


aescribed 


for 


vector r ^ 


1 a t i V e . 





ao 
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Incrementa 1 VpctorSf ?D 



010010 



0 1 ^ 3 a S b 7 H 910111^131^15 



o 

o 

o 




s 


VM 


10 0 0 


± AX 


I 


± AY 


T 



± AX 


I 


AY 


1 



Fnp ^0 increrer^tal vnctcr rjisolav insrructior.s 
p r a t ^ a x r vector s 1 a v >, h r r> ^ c o r a i a t e s ^ r ^ r o I a ^ i v 

to t'^e iri^'ia] of fhp coor-'n'^ato reoistpr-s. 

A 1 s c ^ t e a Y 1 ' j n s r> 1 r 1 ^ 'f a ^ a r a t a s e e ': c o r 1 e o a o 



the 


5 t 


o r a o e 


'^eoui pe'^r^nts hal 


ven (over t 




s e 


o 


f 


r p 1 


a t 1 V p 


V ec t 


o r 


^ ) . 


Tris is "'on« n 


V r ^iu c 1 


1 1 t 


^ o 


r 


o r 


o : 


i a t e 


OPT a 


f 1 e 1 


i 


o y SO 


yen-twelfths and 


o a c k 1 n a 


t V^O 


V 


a 1 


u e 5 




r e r 


oat a 


w o r cj 




1 n 1 


S oprf.orr^jnce 1 


nc r^as^ 


can 


t' e 


e 


1 


C 


1 r e 1 


/. r> p r e 



t?^e lo^. er resolution cata is anenuate ano t^'e rrvocessi^^^ 
of pac<ecJ values is not dPtriT-ental* Tnp aoolicacilitv of 
incremental vectors is enhanceo t'v tne scal^ fielo (S) 
^hicn perTits t'^e a at a values to he anolieo as incre'^mts 
over a coarse or fine oric. 
il 1 ‘ L L h T ^ t 

\j ■ . o ~ a a p 1 f 1 c a t 1 o ^ t a rj n to sever 1 o - o r : : i s 



I 



' a o n 1 f 1 e o : 



a a n 



to seven hian-oreer 



t' > t s 



by soecifyino maqnificationf the coordinate increments are 
ad cied to the hiqh-orcer bits of the register tieina upoat- 
edf otherwise tne increment is sian-extenoed and added to 
the low-order bits: 



0 1 



3 a S 6 7 H 910111?131^15 




A Increment 



(Magnified Scaling) 



T e type C ^ '1 i s n 1 a y o r' e r a t n r v t e o v i n c pea'- is 

sr'ecifie'i hy the vector (V ) field. 

1 i-’^ield of t"'e inc'^e'^eotal vecto'' oat a ^or'.j 

t r o 1 s o a m b 1 a n < i n a for n r o n e s s i o o f toe entire ''.i a t a 



A o r n 



1 r\ft .msi ty tint) 

0 ^'ove Lea'^ ^ith no intensification 

1 N'Ove Deam ana draw V'-l-tyoe vector 



f r e 
is used 



last I It of an incremental vector data-list ^ora 
to flao the end of the oat a list. 



i T F ’ r. A 1 r K f K b 

ti L o n t 1 n u e data list 



1 



Last word of 



lata 



10 



Incremental Vectors* ?D Auto~^ 



010011 




± AY 


I 


± AY 


1 



r h e 




auto-X cisolav' instruct 


^ 0 n 


oene^'at^s a 


t w o - 


j 1 ^ e n s i 


orta ] r 


ro)ativ<=^ VPCtcr nisnlav 


t 


r n 


p a c < r a 


a a ^ a 


i n c r ^ 


n t s ; 


nut data orns sum 


] V 


n r> 1 V 


t n e t 1 


nc r o " 


^ * e n t 5 . 


Ih-c> corresnoncinn x-incrp-^enis 


a r p r - 


< o as 


t 


constant 


O in tno )utO‘'i'"Cr'enpnt moi 


s t e r 


( n 1 ^ , 


This 


t u r t nor 


nout 1 


os tha PCS sit' In vector ca 


t r 


a r^ r: 


^ a 1 VOS 


f r> o 


e ^ O r y 


r e a u 1 


rodents for tne dtsnlays 


Sue 


n as 


n r ac' n s 


A hero 



one coorainate is stecnei ov a constant. 



E ac n 


o 8 t a V 


>. o r o 5 li o n 1 


1 o s 


r A o i ^ 


1 n C r 


^ f? n t S 


anu/ there-- 


f o r e ^ IS 


used to 


qeno r a t p 


two 


vectors. 






I n o 


S , V , 


I ^ ann 


I 


fields 


are 


c c o ^ 0 


ana u s e o as 


o e s c r i f' e o 


for incremental 


V ec t 


or c* 0 / 


r- u t 


the 1 


[ - f 1 e 1 o a r: - 


plies to 


t ot n 


vectors oonorateo f 


r o'^ 1 


t s data w o r c J f a n o 


c;0 1 C vectors are 


(^pnprat 


fro 


the 


f i na 1 


oat a 


y.. o r j . 



0 5 



I nc r em ental Voctors^ Auto-Y 



1 I • 



0 1 0 0 1 ^ 
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S VM 10 10 


± AX 


I 


± AX 


0 


t « 


± AX 


I 


± AX 


1 



The ?13 autO’*Y disci ay instruction nenerates a t'.^0~ 
linens io^dW relative vector iisrlav fro'^^ cac«.e" data 



1 nc r^Tpnt 


s } rut 


^ h O t 


a 


•VO ros suer' 1 V on ] 


y 


t h 


p X 


1 n c r 


o — 


e t s . 


I e CO 


r^^SOpn 


1 n 


V i n c r n p n t S 


a re 


t a < p n 


a s t 


h e 


constant 


n e ] ("1 in 


the a t 


n - 


increrpnt rpoist 


e r 


{ 


Aik) . 


I h 


i s 


t u ^ t her 


o 0 u r ] p s 


the r 


S 


Sitip vector rate 


a n 


1 h a I 


V e 5 t 


h e 


reiTory r<=^nui rennet S for 


t r 


^ n s p 1 a V s such 


a s 


o 


r a p h s 


where 



one coor^iinate IS stof'ced ov a constant. 



tach oata word suooHes two X-incren ents c)ncl/ tner'e 
forcf is used to oenerate two vectors. 



The S 


f V r 


I / a no 


I f 1 


e I cs 


are cooed ana 


used 


a s 


c e s c r 1 c e .1 


for 


1 n c ren 


e n * a I 


vector ?\> f out 


t h e 


I 


f i e 1 o 


an - 


plies to 


noth 


vectors 


aenprat en 


f r o ft, Its 


o c3 r a 




wc r d , 


a n n 


t o t r V n c t 


O r S a 


p rj o n r 


^ t eo 


f rorr 


t K f 1 p a 1 


oat <) 


V*. 


ora. 
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Incremental Vectors^ Three 0 i m e n s i o n a 1 



1 ^, 



010013 




Tne incrpmenral vector oisolay instruct^ors ac — 

e r a t e an ay/ vector a i s 1 a y w n o s e c o o r . i i n a t e s are r e ] a r i \/ f • 
to toe initial contents of tne cocroinate registers. 

Alsof t^e oossinl^ Ocjta rato nas r'oen increasr'o 

ano t^e stor^oe re Quire ^ents reiucea Cover those of 
tive vectors). inis IS QO^e Oy srortenira the coor^nnate 
oata fielo ;^/iatn seven-twelfths ano oac<inq uo to two 
values per nata worn. This nerfor'^ance increase can r>e 
exoioiteQ where th<^ Ioapt resolution data is aoeouate ano 
the nrocessino of rack<^d values is not oetrimental. The 

at'olicaoility of incre"'ental vectors is enhanced ry the 
scale tielo (3) which pern^its the data vt?lues to r. e ac- 
plieQ as infre'^entS nyer a Cnanse or fine oriu. 

Jne vector is ’:nr>e'^a^ei tor every t^o nata worns fro* 

c esseo • 

The 5/ V‘’f I/ anrj [ fielns are coded a no used as 



described for incremental vectors# 20 



1 3 • Character Ge n e r a t i o n 
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Bit 15 

1 - No slant 
0 - slant 





0 


1 ^ 3 


a s t. 7 


8 


o 


10 11 


1 2 


1 3 


i ^ 


1 b 






0 


0 0 1 




w 


E 


sz 


1 


1 


1 


X 




Character 


Character 




























Character 


0 


0 


0 1 


0 


1 


0 


0 




I h e 


Character 


oenerat i on 


Cl 1 s P 1 a y 1 n s ^ 


rue 


t 1 


on r' 


r n ^ 


"■ P S S P s 


its o a C 3 


as a s t r 


inoj of ext 6' 


n oe 




ASC 1 1 


C 


a r 


C r n 


r 


coces 


pac eo t 


VO per w 0 r 1 • 


















P* ac 


success! 


V e c h a r a c * n r 


1 i 


sr t 


ci vs a 


S '/ 




a 1 


0 ^ 


p p r - 


t O f T S 


a 


c on t r 0 1 


f U n c t ion 


un t 


i i 


a ter 


m 1 n a t p C r 


a r a c t e r # 


ASC I 1 


cone D C -4 / i 


s orccesspo 


s i 


a r> a I i n o 


t e 




e n 0 


o 


f the 



instruction’s ciata list* 

The symbols available include all of t^e ninety-six 
ASCII cranhics# olus a stanoaro S'-^t o' ninetv-six anoi- 
ticnal sysmbols (croorammino, ^atn, L-»ree<# etc.)r an 

optional set of 32 user-sr^^cified so<^ci<il symt)ols* 

Inn n t a n 1 a r O symbols a n o t n n 1 r C n c n 5 a r 1 V' P n in 

A r P e n n 1 X A , 

The oimction fiela (vw) when SPt causes ^nn c^^aractprs 
to t^p oisplavpo as if on a oaoe ^>nicn has bnpp rotated 



ninety degrees counter clockwise 



^ CHARACTER I T F -0 I RE C T I ON 

U Write characters hori?ontally 

1 Write characters vertically 



The size field (SZ) is used to specify one of the foiir 
available strinq^controlled character sizes. Ihe siz#- 
enaole oit (E) causes tne contents of the S? tielo to bp 
instate o as the new character size for the subseauent 
Character Generation. 



L ^ 

U > A 

1 0 0 

1 u 1 

I 1 0 

1 1 1 



chakacipk Size C(-''T^nL 



Use previoiis character size 

Set size to one hundred col urns t. v sixty 

1 i r s 



Set size to eichty-one columns c^y firty- 
one lines 

Set size to sixty columns by thirty lines 
Set size to thirtytwo columns by sixteen 
lines 



(riAbACit. h 



cut TRQL CHAPAC TEPS 

Fi.uc T 1 nu 

^ ■ c i s o 1 a V' IS n p n o r a t p . a p o t r p t p ^ 

IS not stpor^orj to the r^pxt Chcjr-'^ctf.'r. 



ruJLL 



Samp as bELtlL 







i 



I 



BACKSPACE 



Causes the positioninq to revert to 



LINE feed 



FORv fled 



carriage 

kE 1 Uki\ 



DC 1 



DC^ 



DC3 



DC^ 



the previous character position. 

Causes the current line ooistion to i)e 
increased by one line. 

Instates the current character posi- 
tioninn at the first character of line 
one • 

Resets the current column position to 
Dcsition onef the left marcin^ an-* 
incr^^^ases th<^ current line rositic^ nv 
one line. 

Reduces the curre'^t li'^e positicr cy 
one line. 

Decreases the current character 
cv one si?e. ^prTits sun sc riot ann 
superscript ro e"-nec:oen in 

text. Si?n zero IS cnanoen to swe 
three. 

Increases the current character size 
by one size. Size three is chanceo to 
size z ^ r o . 

i' h e n e n c o d e o in a display I i s t ^ this 
code terminates the (P3ta associated 
^ith a character Generation lnstrlJC- 
r i o n , If incut via the < e v r o a r j / it 
is interpreted as a c' recess ternnina- 
rion cooe. It has the sane a^fpct as 



ae 



the *'ruhout'* key on a DATA ''EDI A termi- 





na 1 • 


DLL 


iMnen encoded in a disolay list^ this 
cede is ionored* **<han input fro^ thP 
keybearOf it is interpreteo as a cor- 
paneJ to clear all c^'aracte^s fror t^e 
keyboard character nueue. 


tsc 


/then e n c o d e d in a d t s r 1 a v H s t ^ t r i s 
c c o e IS i a n o r e n . t- - ^ i o u t f r n the 

<evt'nardf it is i n t e r p r n r e as an 
escape coon for c''arac^'-*r. 

/.hen EnC is Oenmss^w c '■■■ r - 

a c t e r will e a s s e o as n a t a r e a a r c ~ 

less of the content. \ ^ ^ ^ allc.-.s tne 

0 C 4 c o J e to re i n r t s ' a ^ a ^ r - r*-,- 

< e V t' o a o . 


H 1 K I / ij . r A L 


hesets the current ccK.”^ 'OSitipn r r 


l Ad 


horizontal center ano increases t ^ 
Current line position 0*^0 li^e. 


vERT 1C AL 


Instat'^s the current c'^aracte^ nosi- 


I An 


rionino to horizontal center 0 " lino 




one . 



^9 



VI 



USER ROUTINES 



the 
Un 1 



The description of the user routines are describee 
sarre forn’>at as the routine descriptions given in 
Reference '^anual. 



i n 
the 



SO 



vgaddob j 



Mar 15 197b 



vqadoot) j 



NAML : 



vgaddobj - add object 



SYNOPSIS: 

vgaddobj (num) 
i n t num ; 



DESCRIPTION: 

The object inaicated by num is aaded to the 
display list* 

Normal return is zero. 



DIAONOSl ICS: 



A1 1 
The 

-1 

-3 



errors are inaicated by neoative rc>turn 

values and their meaninrjs are as f< 



error 

T n e 
than 
The 
The 



object number is necjative/ 2 ^ ^ o r or 
the maximum oermitted in the system 
ot:>ject doesn’t exist 

picture cannot link any more ot)ject! 



active 



V a 1 Li e s . 
1 1 r A s : 
a r a t e r 
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vqadde 1 e 



Mar 15 1976 



V q a rt c j e 1 e 



NAME : 



vgaddele - add element 



SYNOPSIS: 

vqaddele(abpfnum#si ze) 

i n t * a D p ; 

int num/Size^ 



DESCRIPTION: 

abn is a pointer to a display list with all draw- 
move commands oefined. The byte count of tre 
displav list IS thp Parameter size* This value 
incluoes the three words (six bytes) that must t-e 
aadeci after the oraw-move commanns. The disolav 
list IS linked to the object# num. 

The value returnep is the element number of the 
displav list anc snoulo be retained for subs^^auent 
element icentifi cation* 



DI AgnoSI ILS: 

All errors are indicated bv neoativ"^ return values. 
Ire error valuf's ano their mieanincs <are rollers: 

“1 The object number provided is neoarive or zero. 

- (d The o p j e c t has not been defined r. v v o r ^ o r) j { i , 

“3 The Object cannot link: adoitio^dl elemerns. 

•9 The system has Generated the num per of 

elements oermitteo. 

-5 The display list is less than six rvtes lonr^, 

-b The display list buffer pointer is zero. 



SEE also: 

vamkobjC)# vgdelele() 
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vgb link 



Mar 15 1976 



V o 1 1 o < 



NAME : 



vgblink • set or clear display Dlin< 



SYNOPSIS: 

vgbl ink(tyDe^nurrfaction) 
char tyne/action; 
i n t nu^ f 

DESCRIPTION: 

The display hlipkr mode of the entire ric^urt / a si^- 



ole 0 0 j e c t 


# 0 r 


a s 1 no 1 


e element 


■r a V 


t ^ 


s e t 


r r 


c 1 e a r e 1 . 


The 


f 0 1 1 0 w i n a 


parameter 


V a 1 u e 


s a r c' I 


V : 




TYPE : 


















C 

1 

0 


f V 


t h e 


e r'l r 1 re 


p 1 c t u r e . 










1 - ■ ' 0 d 1 


f V 


the 


0 j e r t , 


n U m , 










? - ^ 0 d 1 


^ V 


the 


^ 1 e h ^ n t 


t mu'" . 










ACTIO : 


















0 - C 1 n a r t 


h e 


display 


b 1 1 n V m o<de 










1 - e t 


t h n 


c:j 1 


s 0 1 a y t' I 


ink ^ ode 










'''on. f V ' 0 


t ^ 


e 


r 1 i p k m 


n d e of a n 


object off - 


c ^ s 


a 1 1 


e 1 e ^ n n r s 1 


1 n Vl 


0 1 


to t ^ a t 


or i ec t . L 


1 V e V“; 1 


se / mo 


.n t 


» c a- 


t 1 0 n of 


t f? 


C 1 


cture afreets all 


or j PC 


t 3 com 


0 r 1 


s 1 m. 0 



the Picture. 

The normal ret^-jrn value is a zero. 



DI AGNOST ICS: 

All errors are in(iicated hy neaative return values. 
The error values and their rteaninr?^; pi-o ^ 3 ^ tollov*. s: 
~1 Opject numr/Pr is r'-eoative or zero. 

The onject or element noes nc^ ^'<ist. 

-u The element nun-per is neuat'iv(?/ / f' ^ ^ t cr 

n r e a t e r t a n the n> a ^ i m u m n u m o n r c f | p e ^ 
mitted in the entire system.. 
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vac t oc k 



(Var 15 1976 



V J C 1 O C < 



rsiAMt : 



vqclock • set refresh rate 

SYNOPSIS: 

vqclock(rate) 
i nt rate: 



DESCRIPT ION: 

Set tne refresh rate of the disr>lay, 
rate/ is in hert?. The value 
divisor of one nunnreo twenty. 1"^'' 
disolav initialization is forty hertz 



rara’^eter, 
p ^ n 1 t ( ‘ r 
a 1 1 ^ ci 1 1 1 ' t 



vqc oo r d 



Mar lb 1^76 



vgc oo rd 



NAML : 



vgc 00 r d 



modify object X-/ 



Y-r and Z-coordi nates 



SYNOPSIS : 

vgcoord(num/ x , y , z) 
1 n t , X , V , z : 



DESCPIPI ION: 

The image space X,Y/Z coordinate values of the ot:>- 
ject/ nu.T/ are set to the values of x , y , z resrec- 
tivelv. Lach coordinate ooint of all elerents 
li n<ed to the onject is translaten tv the x f y , / 

values at disnlay time. Ire ccnt^"'»’s of orioi-' 

nal display list remain unchanaen. 



The ranoe of values is thr^. . . ■ 

Svste-- he fa lilt is ro for the ^ / c '^r’ l* 

nates. 

The nor^^al return value is zero. 



r 1 Au.'iUS 1 ICS : 

AM errors are 
Ihe error values 
-1 The or>ject 
Ire otM^ct 



1 r 1 i c a t e d by n e q a 
a n 'J t h r ' r rr e a n i : 
numt><^r is neoative 
is not defined. 
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vgcsr Mar 15 1976 vocsr 

NAMt : 

vqcsr - modify object coordinate scale 

SYNOPSIS: 

vgcsr(num^val ) 
i n t n u m ; 
doub 1 e va ] P 

DtSCPIPl ION: 



Chance 


the 


iT. ace so ace 


coordinate scal-^ 


- t ^ - - 


j ec t ^ 


n um 


f to V a 1 . t 


ach coordina^^ ^ r 


^ ) { <■> 1 r 


1 i n k e o 


t o 


the o t i e C t i 


s s c a 1 e 0 to V a i 


at" ^ 1 s 1 a V 


t i "" e . 


Th 


e contents 


of the o r 1 : 1 n j.:? ! 


' 1 ^ : 1 a / 1 ' s ^ 



remain cjnchanaen. 

Ihe rarae of va] is ?erc to one. 
is cnpf the 3cel<^. 

The ncriral return value is z^ro. 



DI AONOSf ICS: 

All e ^ r O r S are 1 n m i c a t r d t y n e o a t ^ ^ ^ ' . r 

The r r O r v a 1 U n s an';: t ^ o y ^ r e a n i n ^ s ' • 

- 1 T n e object number is n e a a t i v e ; r r - 

The object is not defineo. 

StE ALSO: 

vaosc a 1 ( ) 



L I MI TAT IONS: 

Neaative input values cause tne coordinates to 
be inverter*:. This aives the a noe, -prance n f view- 
ing the cnject from the necative Z a)»is. 
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vqde 1 e 1 e 



Mar 15 1976 



vade 1 e I e 



NAMt : 



vqdelele - delete element 

SY\'OPSIS : 

vadelele(num) 

1 n t n ; 

DESCRIPT ION: 

Remove the element/ num# from 

The CO tents of the oisnlav list r unc^en-pr: 

howevef"^ the c::isolav cannot t ^ '^ccnr^se^ fv 
a i s p 1 a y system until a n a i n H n < e n t o s o ^ o f j ^ t . 

The no^^nral r<^turn value is zero. 

DI AGNl;S1 ICS: 



1 1 1 


errors ^ r ^ 


! ^ 0 1 c a t e d 


by p p o a ^ 1 


r p *• j r> . • 


The 


error values 


a^'^d t he i 


r rr e a o i n g o 


as fciic'* 




] h 0 0 ] o e r - 1 


OOPS not 


e < ^ SI , 




~a 


(he t^jp-'pnt ^u^be 


r IS ne ' 


p ^ 1 '/ e f ? ^ r c f 




n r e a r p r than 


t n p a X i 


rruj p runner 





n 1 ^ t e G 1 m t e S V s *■ e . 



SEE A L S U : 

v n a d 1 e I e ( ) , v a a n o o o j ( ) 
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V q d e 1 o b j 



Mar IS \97b 



V a a e 1 o b j 



NAME : 



vadelobj - deletp object 



SYNOPSIS: 

vqdel obj (num) 
j n t n u f 



DESCRIPT ION: 

Re"‘Ovo the ot:>joctf nu-^/ from the disolay 
This also deletes all eleaents lin^eo to the 
Toe contents of aisrlav lists lin^eci 

object ren-ain unchinaeo; howeverf toe oisplay 
access any of t'^'e ejorrents until acain li 
some oojoct. 

1 h e n o r r* 1 return value is ? •'* r o . 



0 I AbuuS lies: 

A]] errors are 
The error values 
•1 T^e onjpct 

• S’ The object 



1 n o 1 c a t e a tv n e a a t i v • r e l u 
and t r e 1 r ^ e a n i n a s ) r e e s 
n u r '• e r is n ^ O a t i v e e r r 

*". a s n c ^ been e i p - • . 



r r' 



^ o 



Stc ALSO: 

V ode 1 e 1 e i J ^ 



V o Ob j ( ) 



S8 



system. 

Oi j PC t . 

to the 
cannot 
n < e o to 



V ^ i • < e 5 ♦ 
] 1 c ■ 5 : 



vqd i a 1 



Mar IS 1976 



V Qcn a 1 



NAMt : 



vgdial - qet analoa dial values 

SYTslUPSIS: 

vgdial (abo) 
i n t ^ a D p ; 

DESCRIPl lOM: 

Obtain tre tnn vector opneral oial valups ani re’^urn 
then" to the caller beoinnino at tn*-' tpr^ crc 
po i n t po t c t v at)P . 

DI AGtUiSI ICS: 



1 n e 


on ] 


1 V p r r o r 


code is •'O . 


] *-) 1 r; - o n s t ^ r 


r ^ i C. r 


PC 1 n t 


e r 


is ? ^ r c . 









SQ 



vaoe t car 



Mer 15 1976 



vqae tear 



NAMt : 



vQQetcar • get keyboard character 

SYNOPSIS: 

voaetcar( ) 

DtSCPIPT ION: 

An eioht bit ASfll character is retumeo to the 
caller. If no character has t^een in nut a -I is 
returneo. 



A 


f ou r c 


h a r ac t e 


r 


cijeue is 


T a i n f a i 


^ e t ' \ t s e s V s r 


T h 


is ne r 


n i f s 


s 


c 


e V a r 1 a t 


c 

c 

o 


r ^ r r 0 s s 1 


w i 


t n 0 u ^ C 


r a r ac t « 


r 


less. r h 


P O U ? 'J ® 


c a c e c 1 a r p 


a i 


] r r' e V 1 


ous 


c a 


r 


actors r ’ V 


a 1- E c 


r'a^ac^er 



vector <^vtic:)aro. 



60 



vaqe t f s w 



Mar IS 1976 



vooe t f s w 



NAME : 



vgqetfsw • get function switch values 

SYNOPSIS : 

vgae t f s w ( aDo ) 
i n t * a h p ; 



OESCPIPT ION: 

f^ead the thirtvtwo function switches an 3 return 
the^ the caller startino at tv. o vior:: 

pointed to hv apn, f-ach tit rerrese'^'ts ^ne tu^ctic'r^ 
switch. It a hit is set# the f u c t i o n s i t c r 13 
den r p s s e o . 

DI ICS: 

A -0 is returnee if the t'uffer is 7 ^ ^ c ^ 



Sft also: 

V Q 1 a n s ( ) 
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vgqe t 1 pn 



Mar 15 1976 



vqoe t 1 pn 



NAKt : 



vqoe t 1 pn 



qe t 



liqht Den interruDt values 



SYNOPSIS : 

vqaet lonCaho) 
1 n t * a t") o ; 



DtSCRIPTlori: 

Seven liqht ren interrur'>t values are re an into a 
seven vscrd buffer beoinnina at tne nu^f^r rcinteo to 
by . 



Tne T e a n i 
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of e ac r 


'a 
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S t 
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et- errur t 


• 










\T c r a 


F 


np 


r 


of \ 0 r o 5 e X 


^ * 


^ c', * r o n '' 


r> — 


o 1 r n i 


n o 


of the m 


s o 1 a V . 








/ore 5 / 


,5 


- Tne > 


f 


V / Z C OO r rj 1 n a t ^ 


s 


res: c t i v n ] y 


o r 


the t 


i e 


of the 


i 


n t p r r u r: t . 








’/ C r q n • 


Pen 


r r 5 0 1 u t 


1 


on count. 









b I M u 1 U S 1 1 C S : 

A return cf "6 i^dica^es a buffer ro’nte^ 



S 1 1 A L S 0 : 

vq 1 pen { ) 

LI’‘U TA] IONS: 

r'^orc do^s not provirie any u5^''^ul i^^crr-atio'^ to 

the user. Its value is the total ru-opr instruc- 



t 1 on s 


e X e c u t e o 


f roni 


t h e 


s t a r t of the r 


1 c t u r e • Ft 


has no 
^ e n t . 


r e 1 a t ion 


to the 


1 n s t 


ruction count 


c f a n r 1 (■' - 



b? 



vq i n i t 



Mar lb 1^7b 



va i n 1 t 



NAMt : 



vain it - vector qeneral display initialization 

SYNOPSIS: 

V q i n i t ( ) 

DESCPIPI ION: 

This routine performs all disolav initialization ano 
c^efault oaraToter assi^mment- Ine vector General is 
accessed/ cleared/ an ci reset for oisolav operations. 

This routine rust Oe colled hnfore any Oisplav ac- 
t ions. 

-JST ICS: 



If ♦: r n 


i n i 1 a 1 1 z a ^ ^ 


cannot be 


1 t e o / ■ 


i ^ r r r ^ r 


e 5 5 s G e 


is p r i n r e 0 a n n 


frp process 


is ^ ^ 


” 1 ''' a ’■ e . 


F r r c r re 


ssaoes u^ua 1 1 y 


occur because 


a n o t r e r 


p r o c s 


IS a r<^a 


l-ti'^e rrocess 


or r ec a 'j s e ter 


vector 


G f o r a ] 



r. as b^on accesseo oy anctner user. 



vQ 1 o f s e t 



Mar IS 1976 



vq 1 o f se t 



NAME : 



vqiofset - modify intensity offset 



SYNOPSIS: 

vqiofset (nurr^val 3 
i n t nunn ; 
cJouole val; 

DESCPIPl ION: 



Set 


the 


|Ti 


a X i m u rr ] 


V e 1 


o f 


i 


n t ^n s i 


tv r e r i 


t t e u for 


t r n 


object f 


nun, val 


/ bet 


ween 


zero 


ana one ^ 


is a Teas* 


u r e 


o f 




the a X 


i m ym 


i 


n t 


e n s 1 t V 


of the 


o o i c t • 


] h e 


i n t e n s i 


t V 


is a X i 


^ u ^ at 


t h 


e face 


of the 


sc r e e n 


a n : 


dec r e a s 


e S 


e X p o n e 


n t 1 a 1 


1 V 




t o w a r o 


trp t'ac< of t*"e 


i r - 



ace* If val is negative# a screen i'^- 
nosed. If tnp rransfcrr^^r: values of Z ccoroi- 
nate a'>t’5 o neater than t^py arp t'lan^po. 



Tne norr>,al return value is z^ro, 



IM IKS: 

•'‘^11 e r r 3 p c; are i n n i C a t e n c v o a ' i v ^ return values, 
K, r e r r o ^ values a n ( j t r p i r » a n i ^ o s a r as f o I I o v^ s : 
-1 Tno ooject nunh;er is Of^aative or zero. 

"P The ohject not e^i^^t. 

SEE ALSO: 

va i sc a I C ) 



I 



vg i seal 



Mar 15 1976 



V q 1 seal 



NAME: 



vgiscal - modify object intensitv scale 



SYNOPSIS: 

vqiscal (num^val ) 
i n t nu^ / 
oouD 1 e va 1 ; 



DESCRIPT ION: 

The intensity ranoe of thp ot'jectf ncjm, is oeter- 
mined t)v val. If va) is ore , the '^•axi^um intensity 
ranqe is achieved. \ ^ the value is ze ro r the inten- 
sity is constant anq tne i^aae has no r^jertn-cueirc. 

Norntal return is zero. 



)I AG 



OST ICS: 

All errors are 
Ihe error value 
-1 Tne ot)ject 
- P 1h e object 



1 n o i c a t e o e y n ri a t i e 
s ano tneir reani r'tcs a 
n u r u e r is n p c a t i v e or 
uoes no^ e>ist. 



r e t U n n 

r e s 
zero. 



values. 
0 I I o A s : 



SEE also: 

V g i c f s e r ( ) 
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vQ I amps 



Ni a r IS 19 7 6 



NAMt : 



vqiamps - Haht function switc'^ lamps 



SYNOPSIS: 

V c 1 a m p s ( a b D ) 
1 n t * abo ; 



DbSCPIPT ION: 

Liaht the function switcn lamps of 
SAitcnes vitn a nit sat in the 
c'' o i n t e b t c C' V arc. fc a c n T' i t o o s i t i o n 
one of the tmirfv-two function Switc^ 

DI AbNOS f ICS : 

If the rijffer :rint^r is Z ^ ro , a -O i 

5 L’t ALSO: 

ej c: e t f s A ( ) 



va 1 amps 



hose function 
^ 0 v» c r a ruj f f ^ r 
CChrPsr'’onr2S to 
1 a^ c s . 



ret u r -- e o • 
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VO 1 pen 



Mar 15 1976 



vq 1 pen 



NAME: : 



vqlpen - set or clear Haht pen hookabilitv 



SYiNUPbIS: 

valpen(type#nunn^act ion) 
char t voe ; 
i n t n u -T ^ a c t i o n ; 



DfSCPIPT lUN: 

Tnp licht opn nookaoilltv of the entire ricture^ a 
s inale crjpctr cr a sir^ole element rav r'e set or 
cleareo. The fcllowinci narannet^r values arolv 

1 YPp 
0 

''on 1 f V 
1 

''■'c n 1 ^ V 

P 

' O O 1 f y 

AC T 

r I e t) r r ^ e 1 i a h t p n h o O k a h ) M t y • 

I 

Set the liaht pen hookanilitv, 

^ he norn^a) return value is a zpro. 



the entirf^ Picture, 
the o D j e c t , n Li ^ . 
the elehpntf nur. 



OIAG'^OSTICS: 

All errors are innicated by neciative return values. 
The error valur^s ana tneir rrieanincs are as folic 
The object nurner is neaative or zero. 

•P The cnject or eleniont ooes not exist. 

fhe element nu-npor is neoative^ zero# or' 
Greater than the ^axinur nunt-er of elerer'»ts per- 
nittea in the entire svst 



p rr> 



vgmkob j 



Mar 15 197b 



V q m k o b j 



NAML : 



vgmkob j - make object 



SYNOPSIS: 

vgmkob j () 



DESCPIPTION: 

Create an emotv object structure and return 
object number to the caller, 

01 AOrjOST ICS: 

A -5 is retur^^ec] if all 
rreviouslv assione:^. 



the 



available ot jects havn t'een 



voD i c t u r e 



Kar IS 1976 



vqp i c t u re 



NAMt : 



vgpicture - display oicture 



SYNOPSIS: 

vqp i c t u re ( ) 



DtSCPIPT ION: 

Send t^e vector General display list ana start 
display* 



the 
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vqpos t 



Mar IS 1976 



vqpos t 



NAMt : 



vqpost - modify the oicture coordinate axis 

SYNOPSIS: 

vqPOSt (ox/oy) 
int ox/py; 



DESCRIP] ION: 

Mcoify the transformed X,Y coordinate points o 
imaqe in the picture hy ox ann ov respectively 
oriainal oisolay lists remain ijncranoed. Ire 
of values are -?0^7 throuqh +?047. 

StL 4 lS0: 

VC2C OP ( ) 



each 
The 
r n o e 
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lit 

p 



k0 



I 



vqnsc a 1 



Mar IS 1976 



vopsca 1 



NAME : 



vqpscal - modify oicture scale 

SYNOPSIS: 

vqosca 1 ( va 1 ) 

0 o u t) 1 e V a 1 J 



DESCPIPT ION: 

Scale eacn coorcinate of all elements t'y val. 
original disolay list remains uncraroecj. A value 
one oives the largest pictur<=, A value of zero 
s m a 1 lest. 



1 h e 
c f 

the 



7 1 



vqrot a t e 



Mar 15 1976 



vq rc t a t e 



NAMh : 



vqrotate - rotate object 



SYNOPSIS: 

vprotate(nu^fX#Vfz) 
i n t n u r ; 

aouD I e X , y , 2 ; 



DESCRIPTION: 



Rotate 


the opject/ nu^if at^out 


t ^ e X , Y , 


ana 


7 


a X 1 


The input p a r a 


pters are rarji 


an f^easure 


r o t a t ^ 


a D o u I 


the a X 1 


s inoicateb. A 


1 ] p 1 e T e n r 


s I 


1 P K. 


e G 


the o h j 


PC t are 


aff'^ctec'f. Thp ^ 


r i Q 1 P a ) a 1 


SP 1 


a V 


1 1 s 


re'^ a i n 


UP at feet 


eo . 











5^ . 



on 
t O 
t s 



7 ^ 



va t e rm 



Mar IS 1976 



vq t e rm 



MAMt : 



vgterm - terminate vector General cjisolay 



SYNOPSIS: 

vq t e r m ( ) 



OESCPIPTIOri: 

Term! nate 
all system 
conclusion 



access to t 
resources • 
of all d 1 so 1 



he vector 
This s h ou I 
av operati 



Gene r a I and 
d he called 
or s . 



re 1 ease 
at the 
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APPENDIX A 



ASCII CHARACTEP CODES 



Table A-1 lists the ASCII cones usea tv the disolay 
system for the various general an 0 soecial characters. 
The codes are given in octal notation. The octal codes 
are aiven as thouoh there Vvere eionteen hits in the aala 
worn instearj of sixteen oits. Since two characters can te 
aiven in eacn oata worcj^ the octal cedes are oiven for the 
right haif“^;oro ani the left haW~vcrd, The left half- 
wora COOP is aiv^n as t*^OUcr tr^^re >.'^re no character in 



the 


riant a 1 f - w o r J . 


T o 


O r^: t 3 1 n 


t n 


c c ^ C ' 1 e t e c 


Ode for 


the 


two 


c h a r a c t ^ r s in a 


w o r 


d , t 3 e 


a S ^ r 


u s t a . 1 0 r 


^ e w 0 CO 


do s 


tooetner. f^or exaro 


1 e , 


if the 


C ^ 0 r 


a c t e r C is 


to he in 


the 


left 


half-word and 


the 




t P r 


A is to be 


in the r i 


art 


half 


-wordf the ccae 


w c u 1 


d be : 











C 0 a I a 0 0 

A 0 10 1 

C A 0 a 1 S 0 I 



m 



TAf^Lt: A-1 



octal CHARACTEH GfcrJtRATOR KEYBOARD 



LEE I 


RIGHT 




symbol 


SYMBOL 


000000 


000 


HULL 


( i ono r ed ) 


n) Ctrl 


oooaoo 


001 


SO 


( 1 ono red ) 


A Ctrl 


001000 


OOR 


STX 


( i ano r ea ) 


b Ctrl 


0 0 1 a 0 0 


003 


ET X 


(ic:jnorerl) 


C Ctrl 


oo;?ooc 


0 04 


EDI 


( i an 0 r e a ) 


1) Ctrl 


ooaauo 


0 05 


EGG 


( i a n 0 r p ri ) 


t Ctrl 


005000 


00b 


ACK 


( i qnored) 


F Ctrl 


OOiaOO 


00 7 


BEL 


( i an 0 r eo 1 


G Ctrl 


0 0 it 0 0 0 


0 1 0 


HS 




BS 


0 0 0 a 0 0 


0 1 1 


H I 


( L ^ cent) 


I Ctrl 


005000 


0 1 R 


LE 




LF 


OOSaoo 


0 1 3 


VT 


r t 0 p / c e n f ) 


Ctrl 


0 0 n 0 0 0 


0 1 4 


FE 


i r CO i 1 p f t ) 


L Ctrl 


(1 0 o “-I 0 0 


0 1 5 


M 


(C^. LF) 


CM 


0 0 7 0 0 0 


0 1 b 


3" 


(1 :noma ) 


fi Ctrl 


n 0 7')u0 


0 1 7 


S i 


^ 1 : n 0 r r' n ) 


u Ctrl 


0 10 0 0 U 


0 R 0 


'>'> L t- 


' c • p ^ r au p u e ) 


H C ^ r 1 


0 10 4 1)0 


0 R 1 


ilC ! 


r -Lf ) 


n Ctrl 


0 110 0 0 


ORR 


D( r 


( -s? ) 


h Ctrl 


0 1 1 -1 0 0 


u R 3 


1 - L 


(^37 ) 


S Ctrl 


0 1 u 0 0 


0R4 


DC 4 


( t e r ^ ) 


] Ctrl 


0 1 R M 0 0 


0?5 


' ! ^ 


( 1 ^ n 0 r p 1 ) 


U Ctrl 


0 1 3 0 0 0 


0 R -- 


S T \ 


( ^ ') r Cj ) 


V Ctrl 


(M 3-00 


>2 1 


T i - 


( 1 p n r ) 


c ^ r 1 


0 1 4 u 0 0 


4 > 0 


CAu 


( 1 a n 0 r e:* -) ) 


X c t r 1 


014000 


0 3 1 


F *'■ 


( i an 0 r p a ) 


V Ctrl 


0 15 0 0 0 


0 3R 


S'4. 


( 1 a n 0 r e n ) 


7 Ctrl 


0 15 4 0 0 


0 33 


• ESC 


( p sc ) 


1 Ctrl 


0 1 b 0 0 0 


0 34 


E 3 


( i a n 0 r p a ) 


Ctrl 


0 1 b 4 0 0 


035 


GS 


( i a n 0 r e a ) 


J Ctrl 


0 0 1 ! 0 0 


03o 


RS 


( 1 0 n 0 r e d ) 


Ctrl 


017400 


037 


US 


( 1 0 n 0 r e a ) 




oaoooo 


04 0 


Srac 


e 


s D bar 


0^0400 


04 1 


1 




1 s r 1 f t 


0 ? 1 0 ') 0 


0 4R 


M 




? 1 ^ t 


0^ 1 400 


0 4 i 






S shift 


OR^OOo 


0 44 






4 shift 


0 2 4 0 0 


045 


% 




B shift 


0 R 3 u 0 0 


0 )o 






0 shift 


0 ? 3 4 ■■ I u 


...i 7 


1 




7 s - i " t 


0 R 4 y ■ t ) I 


■'i 5 u 


( 




h s 1 f t 


'iR i4 m; 


os 1 


) 




0 s H i r 


0 R 5 u 0 u 


l’5R 


dr 




: s i f t 


0R5 4 U 


os f 


f 




; s r 1 f r 


ORoOOO 


054 


r 






ORbuOO 


055 


- 




- 


0 R 7 n > 1 0 


05 ^ 


, 




. 



7B 



table A-1 



027a00 


0B7 


/ 


/ 




050000 


060 


0 


0 




030^00 


06 1 


1 


1 




031000 


0 62 


2 






031000 


063 


5 


3 




032000 


060 


0 


a 




032000 


0 65 


5 


5 




033000 


066 


6 


6 




033000 


0tj7 


7 


7 




03O000 


070 


8 


8 




U3OO00 


07 1 


9 


9 




03S000 


072 


X 


* 




0 3 B 0 0 u 


07 3 


f 


t 




U 3 6 0 0 u 


0 7 a 


< 


t 


Shi ft 


036O00 


0 /B 


r 


• 


S h 1 ft 


037000 


0 7b 


> 


. 


S h 1 ft 


0 37o>'0 


077 


o 






U 0 0 u 0 


1 0 u 


i) 


r) 




0 Cl 1,1 M ',,1 u 


1 0 1 


A 


A 


s '-• 1 f t 


U 0 1 0 ii U 


1 b 2 


H 


n 


S ^ 1 ft 


O-.J 1 M Ou 


1 3 


C 


t 


SM M 


00 20 00 


1 0 0 


0 


0 


sniff 


0 0 2 0 1 0 


1 OB 


1: 


L 


s n i ft 


0 0 3 0 0 U 


1 Oo 


F 


F 


S n 1 f t 


0 a 3o 0 0 


1 '.'7 


G 


f; 


Shift 


0 U J u 0 U 


1 1 0 


H 


h 


3 n i f t 


U 0 -i u !) U 


1 1 1 


I 


I 


sniff 


f) a B 0 0 u 


1 1 2 


J 


J 


5 n 1 f t 


0 0 B 0 U 0 


1 1 3 


K 


h 


Shi ft 


0 0 r> 0 0 0 


1 1 0 


L 


L 


shift 


oObOOU 


1 1 B 






shift 


0O700U 


1 1 b 


H 


\\ 


Shi ft 


OO 7 u 0 0 


1 1 7 


0 


(} 


S n 1 ft 


0 B 0 0 0 0 


120 


P 


p 


Shi ft 


0 5 0 0 0 0 


121 


G 




shift 


0 B 1 0 0 0 


122 


R 


R 


shift 


0 B 1 0 0 u 


123 


S 


S 


Shift 


OB2UUO 


1 20 


T 


T 


Shift 


0 B 2 0 0 0 


1 2B 


U 


U 


Shift 


0 B 3 0 0 0 


12o 


V 


V 


Shift 


0B3O00 


127 


V i 




shift 


O 

o 


1 3 0 


X 


X' 


shift 


0 '■) u '■ u 


1 3 1 


V 


Y 


s ^ -i f r 


oBBuOO 


1 32 


L 


L 


S n 1 f t 


OB^'O'jo 


1 3 3 


\ 


\ 




1.1 B C5 0 0 u 


1 30 


\ 


\ 




OBoa (1 0 


! 3B 


1 


) 




0 B 7 0 0 0 


1 3o 


A 


/\ 




0 B 7 a 0 0 


1 3 7 


( sur - / 


surerscriot ) 




0 n \ ' 


. 1 a a 






3 n i f r 



TABLt A-1 



060a00 


1 0 1 


a 




A 


06 1000 


1 02 


b 




B 


06 1 aoo 


103 


c 




C 


06?000 


1 0 0 


d 




D 


062aoo 


1 05 


e 




t 


063000 


106 


f 




F 


063000 


1 0 7 


a 




G 


06O0UC 


150 


h 




H 


0 6 0 0 0 0 


151 


i 




I 


0 650 0 0 


1 52 


j 




J 


065000 


153 


k 




K 


ObbOOO 


150 


1 




L 


OboOOO 


155 


nri 




.M 


0 b 7 0 0 0 


1 5o 


n 




hi 


0 6 7 0 0 0 


157 


o 




0 


0 7 0 0 0 0 


1 bO 


p 




P 


0 7 0 0 0 0 


1 b 1 


q 




G 


0 7 1 0 0 0 


1 b2 


r 






0 7 1 0 0 i) 


1 6 3 


s 




S 


0 7 0 0 0 


1 o 0 


t 




T 


0 7 ? 0 0 0 


1 b5 


u 




II 


0/3000 


1 Ob 


V 




V 


0 7 5 0 0 


1 o 7 


w 




/, 


0 7 0 0 0 U 


170 


X 




X 


0 7 0 0 0 0 


1 71 


V 




Y 


0 7 50 0 0 


1 72 


7 




Z 


0 7 5 0 0 i.) 


1 73 


{ 




) sH 1 f t 


0 7 U 0 u 


1 7u 


1 

1 




\ 5 ^ *i M 


0 7 6 0 0 0 


1 75 


} 




] shift 


077000 


1 7b 






A s 1 f t 


077000 


177 


ae 1 




DfL 


1 0 0 U 0 u - 


200- 








1 1 700v> 


237 








120000 


20 0 


a 




space spec 


120000 


2 0 1 






1 sh f t spec 


1 2 1000 


202 


II 




? sh f t spec 


1 2 1 a 0 0 


205 


O 




3 shft spec 


1 2 2 0 0 0 


poo 


1 




^ shft spec 


1 22OU0 


205 


V 




b scft sp^c 


123000 


20o 


/ 


(c^nt ereP) 


o s^'ft spec 


123000 


207 


✓ 




7 shft spec 


1 2 0 0 0 0 


250 


cz 




h s - f t spec 


1 P U u 0 (1 


2‘' 1 


r? 




O s h t S r e c 


125000 


252 


10 


( s ur sc ^ 1 m ) 


: s f t spec 


1 25uo0 


253 


-f- 




; shft spec 


1 2 b 0 0 0 


2 5-^ 






f sr er 


1 2 b 0 0 0 


255 






~ s e c 


1 27u00 


25b 


> 




. spec 


127000 


257 


—1 




/ s n e c 


1 3 0 0 0 


2 b 0 


0 




H S P c 
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table A-l 



1 3oaoo 


261 


T 




1 soec 




131000 


262 


V 




? scec 




131^00 


265 


□ 




3 spec 




1 32000 


260 






^ spec 




1 32000 


265 


A 


(centered) 


5 soec 




133000 


2bb 






o scec 




133000 


267 


Z 




7 soec 




1 3O000 


270 


u 




^ sr ec 




1 3 0 0 0 0 


27 1 


n 




Q s t' e c 




1 3S000 


212 


• 


(center not) 


: soec 




1 3b000 


211> 


X 




; spec 




1 3^000 


21^ 






f s n f t 


soec 


1 h u 0 0 


31b 


cm 




s ^ M 


soec 


1 4i 7 U 0 0 


3 1 6 


Tl 




‘v s ^ f t 


spec 


1 O7O00 


31 1 


A 




0 s r f t 


sc^ec 


1 S 0 0 0 0 


320 


TT 




P sn f t 


S L' ^ c 


1 s ( ) a 0 u 


321 


0 




U s h f t 


so PC 


1 b 1 0 0 0 


322 






K S ^ t 


s r p c 


1 b U 0 u 


32 3 


2 




S " t 


sr r c 


O 

o 


32 4 


8 




T 5- ^ t 


s r p c 


1 b 2 '-J 0 0 


32b 


1 




(1 s - t 


s r p c 


1 b300u 


32o 


f 




V S h ^ t 


SPPC 


1 b 3 4 0 0 


32 7 


A 




5 - f t 


sr E c 


1 b 0 0 U 0 


3 30 






X 5 T t 


3 CPC 


1 b0 4i)G 


33 1 


r 




Y S -• f t 


sr ec 


1 b b 0 iJ 0 


3 32 


— 




Z 


s f' p c 


1 b b 0 (j 


333 


L 




[ S ^ t 


5 r p c 


1 b o u 0 0 


3 30 


=> 




scec 




1 b J u u 


33b 


h 




1 sr f t 


scec 


1 b 7 0 0 u 


3 3o 


— » 




A s p ^ c 




1 b 7 0 00 


3 37 


0 jf" 




s: ec 




1 o 0 0 0 0 


30 0 


U-) 


( b 1 i n i n Q ) 


a* s r f t 


spec 


1 b 0 0 0 U 


3 0 1 


«c 




A S r f t 


spec 


161000 


302 






B s r f t 


Spec 


161000 


30 3 






C sr f t 


spec 


1 n2000 


3 00 






D s r. f t 


spec 


1 6 2 0 0 0 


3 0b 


6 




E s ^ f t 


spec 


1 o 3 0 0 0 


3 06 






F 5 M 


sr PC 


1 b 3 0 0 u 


3 47 


7 




b s ^ f t 


scec 


1 o 0 0 0 0 


350 


1 




s t 


scec 


1 b 0 0 0 0 


3bl 


i 




I S f t 


spec 


1 n b 0 0 0 


3b2 






J s ^ ^ t 


s: PC 


1 6 b 0 ',t 0 


353 






^ s " t 


sr ‘ c 


1 b o (i 0 u 


3bo 


\ 




1 s - ^ t 


s : * ' 


1 p u ' i 0 


•,bb 






M 3 K f ^ 


SP^C 


1 n / u 0 0 


'bo 


y 




\ S-M 


sr ec 


1 b 7 u ' 1 G 


3^7 


CJ 




u s ^ ^ t 


sc C 


170000 


3 o 0 


TT 




P s ^ ^ t 


spec 


1 7goOO 


3 b 1 


6 




0 s'- ^ t 


SPPC 


1 7 1 () 1 0 


3b 2 


e 




p --ft; 


^ r E c 



78 



TAHLF A-1 



171400 


363 


cr 


s 


shf t 


spec 


1 7t?U00 


364 


< 


T 


sb f t 


spec 


1 72400 


3ob 




U 


sb f t 


spec 


1 7 3 0 0 U 


36o 


0 

j 


V 


sb f t 


spec 


1 7340U 


367 


J 


w 


sb f t 


spec 


174000 


370 


\ 

0 


X 


Sh f t 


spec 


1 74000 


37 1 




Y 


Sh f t 


SP^C 


1 74a00 


372 




Z 


sh f t 


spec 


1 7 b 0 0 0 


373 


r 


t 


spec 


s h f t 


175400 


374 


1 


spec sh f t 


1 76000 


375 




1 


soec 


S h f t 


176400 


37d 






snec 


S h f t 


177000 


37 7 


m 


D t L spec 



* Superscript 



70 





I 



APPENDIX H 
SAN-PLE PROGRAM 



The sample proaram described here is a box containinn 
a ziqzaq line ancj the word box. This program is not in- 
tenaea to illustrate all of the features of the vector 
oeneral interface but to illustrate one wav of oevelooino 
a display picture. 



1 





- a e f 1 n '' K g 0 J 


0 


// 


a < e o r; j e c t 


3 


c. f 1 r> e A b L F 


1 


// 


a u r: e 1 e '' e ^ t 


<1 


d e f 1 n e A f / ( i J 


R 


// 


a P d object 


S 










b 


// Display list 


'le sc r 


i n 1 n c 


a box 


7 


X 

O 

c 








8 


< 








Q 


r 1 0 0 <; 4 , 




// 


V c t o r a t s o 1 u r i s t 


1 0 


0 1 0 0 0 b ! , 




// 


loan c o r> r o 1 a t e 


1 1 


0 1 U 0 u 1 ? / 




// 


load Y cco^j. and move 




0 7 7 7hS , 




// 


load X coord, a n o draw 


1 3 


0 7 7 7oo, 




// 


load Y coord. a""d draw 


1 u 


U 1 00005 , 




// 


load X cooro. ann oraN 


15 


010001b, 




// 


loc3d t cooro. ^ draw S. ter'^. 


1 6 


0000000, 




// 


*'J OOP 


17 


0 0 0 0 0 0 0 , 




// 


O O P 


1 H 


0000000 




// 


OOP 




1 ; 








ao 










?1 


// Choracte'* ni 


s p 1 a V 1 


list 


s p e 1 1 1 n O the word t > O X 




i n t worn [ 7 ) 








?3 


{ 










010157, 




// 


char oenera^ion inst 


d-S 


0 1 0 ' t 0 , 




// 


r rj . 1 1 m 0 f \ s C < i C o 


d o 


0 0 1 15 7, 




// 


A SL ! I n V t ^ s / ^ and i 


8 7 


(.1 7u('7’o , 




/ / 


' C I I r V t e S f X < t e r T . 




0 0 U 0 () 0 , 




// 


'>i OOP 




0 0 0 0 0 u , 




// 


doop 


30 


0 0 0 0 0 0 




// 


N o 0 P 


3 1 


) ; 














! 




53 

5a 

35 

56 

57 

56 

39 

ao 

a 1 

a? 

95 

aa 

as 

9 6 

a? 

98 

99 

SO 

SI 

S? 

S^ 

S9 

ss 

Sh 

57 

SR 

S9 

n 0 

6 1 

62 

65 

69 

6S 

6 h 

67 

68 

69 

70 

71 

7^ 

73 

7u 

75 

7o 

77 

78 

7^ 

80 

81 

8^ 



// ZiQzaa line display list 
i n t ? i q ( 1 2 ] 

{ 

010011, 

077 ! 76, 

07760?, 

07760?, 

07 /60?, 

07/60?, 

07760?, 

077o0?, 

07/603, 

0 0 0 0 0 0 , 

000000 , 

000000 

} ; 



-T a 1 n C ) 

{ 

i n t e 1 e 1 , p 

i n t o j 1 , o 



V T 1 


// TPitiate 


V 


‘^ctor oene^a) 


//'■•ake 


rnree onjec^’S 






1 ^ 


C C c t' j 1 = V or j C ) ) < 


0 ) 


e r r o r ( )•' K 0 J ) ; 


1 f 


C(orj?=vuT<crjC)) < 


0) 


e r r 0 r C - K It 5 J ) ; 


i f 


((onj3 = vdm<or^j()) < 


0) 


e r r o r ( F’K J ) ; 


// Aao 


the display lists to 


the Objects 


i f 


( ( e 1 e 1 - V n a d n e 1 e ( b o X , 


ohj 1 ,20) ) < 0) 



e r ror f ADELF ) ; 

if ( ( e 1 e ? = V o a J c p 1 e ( w o r cl , c 8 j ? , 1 9 ) ) < 0 ) 

e r r o r ( A D fc L F ) ; 

i ^ ( C e 1 p 3 - V a a o r: e 1 p C 7 i c] , o r j 3 , ? O ) < 0 ) 

errorCAOLLF ) ; 

//Acd the cojects to the cicture 

Tt ( voannnh }( ot i I ) < 0) prrorCADQMJ); 

if ( voacoct' j C or j ? ) < 0) e r ro r ( AF08 J ) ; 

T f ( V a a o c c j ( p L j 3 ) < 0 ) e r r o r C A f. ( j J ) ; 



V o c i c ^ u r <^ ( ) ; 


// 


start ci i 


s 1 a y o ^ 


Picture 


s 1 e e o ( c> v; ) ; 


// 


wait o 0 


sec ones 




V q t e r ^ C ) ; 


// 


t e r m 1 n a t 


e display 


oner at i ons 



} 



// 

// 

// 

// 

// 

// 

// 

// 

// 

// 

// 

// 

// 



2D vector ir^crennental, 

X auto- increment 
mo V e Y 

X , ci r a w 
X , cJ r a w 
X , cj r a w 
X , o r a w 
X , draw 
X , draw 

X, draw Y & term 



1 ncrement 
increment 
i nc rement 
increment 
i nc rement 
i nc rement 
i n c r e fT-. 0 n t 

Nooo 

Nood 

Noop 



Y 

Y 
y 

Y 

Y 

Y 

Y 



Ip?, ^ 1 e 3 ; 
j ? , o n j 3 ; 



81 



83 

8^ 

85 

86 
67 
88 

89 

90 
«1 

92 

93 
9a 
95 
Qo 
97 

QM 
QQ 
100 
1 0 1 
1 0 2 
1 0 3 
I 0 a 
1 0“^ 
1 Oo 
1 0 7 

I f'H 



error(msa) 
i n t m sq » 

{ 

swi tc8(Tsa) 

{ 

case i^KOtlJ: 

{ 

Drintf("makp object errors") 
break; 

} 

car.® ^DELE: 

{ 

printH"a'id element errors") 
break ; 

} 

case J : 

{ 

orintf("aTn Ct^ject errors"); 
r r e a < ; 

) 

1 

V q t e r m ( ) ; 

e ■« 1 *■ ( ) ; 

} 
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